. Urinary excretion of phosphate in normal children. In 55 normal children on a normal diet, the phosphate and creatnine were estimated in a fasting 2-hour urine collection and in a simultaneous blood sample. In comparison with adults, a high serum phosphate and relatively decreased phosphaturia were found, both of which tended to adult values with the advent of puberty. A correlation between the serum phosphate and the urine phosphate/creatinine ratio (r = + 0 -42, p <0 -002) was found. The phosphate excretion index was lower in mid-childhood than in adulthood.
The urinary phosphate excretion, though affected by many different hormonal and non-hormonal factors, is mainly dependent on parathyroid activity (Hiatt and Thomson, 1957; Gershberg, Shields, and Kove, 1959; Beutner and Munson, 1960; Arnaud, Tenenhouse, and Rasmussen, 1967) . This action of parathyroid hormone has been widely used in the diagnosis of hyper-or hypoparathyroid disorders (Hodgkinson, 1961; Bernstein, Yamahiro, and Reynolds, 1965; Nordin and Smith, 1965) . Though the phosphaturic action of parathyroid hormone is not questioned, there is no unanimity regarding the best way of expressing phosphaturia and many methods are in use (Bernstein et al., 1965; Nordin and Smith, 1965) . We have found that the phosphate excretion index (PEI) of Nordin and Fraser (1960) gives consistent results and is a helpful adjunct in the diagnosis of hyperparathyroidism in the adult (Melvin et al., 1970) .
While investigating the cause of hypercalcaemia in a 9-year-old girl who was subsequently shown to have a parathyroid tumour (Latham et al., 1969) , we found that the PEI appeared to be lower in children than in adults. We undertook the present study to investigate this apparent discrepancy and to establish a normal range for the PEI in children; it emerged that the normal range was much lower than in adults, and that the child we were investigating had an abnormally high value.
Materials and Methods
Of the 55 children included in the present study, 35 were in-patients for reasons unrelated to disorders of calcium or phosphate metabolism or to endocrine disorders; usually they were in the recovery stage of acute illnesses. The remaining 20 were schoolchildren who, with their parents' consent, offered to act as normal volunteers. The in-patient children were on a normal ward diet while the normal volunteers were on their home diet.
All the children fasted overnight, and first thing in the morning they passed urine which was discarded. After that, an approximate 2-hour urine collection was made, and blood for serum phosphate and creatinine was drawn at about mid-point of the urine collection.
On the in-patient children the test was performed on a day that blood was due to be taken for investigations related to the reason of their admission. 5 children who had abnormal renal function as evidenced by a high blood urea or serum creatinine, or produced a urinary volume less than 20 ml. were excluded from the present study.
Blood taken was spun within 15 minutes and the serum deep frozen along with an aliquot of the 2-hour urine collection, the estimations being done on a later date. In both serum and urine, the phosphate and creatinine were estimated by auto-analyser (Wootton, 1964) . From the values (mg./100 ml.) obtained, we calculated (a) the ratio of urinary phosphate to urinary creatinine concentrations (Up/U,), (b) the ratio of (Nordin and Fraser, 1960) .
Results* For evaluation of the effect of age on the results, the 55 children were divided according to age into 6 groups, covering the ages 1 to 17 years.
As expected (Greenberg, Winters, and Graham, 1960) , the serum phosphate values (Fig. 1) were on the whole higher in the prepubertal groups of children, falling to normal adult values with the advent of puberty. In spite of the high serum phosphate levels, the PEI (Fig. 2 ) was found to be decreased in midchildhood, rising to higher values as puberty approached. Values for the PEI within the normal adult range were also commonly observed in the youngest age-groups.
In view of the unexpected finding of a low PEI along with a high serum phosphate, we separately analysed the parameters involved in the PEI. The urinary phosphate/creatinine ratio (Up/Ucr) was found (Fig. 3) to be the highest in the infants, falling to adult values (32 of 33 tests) above the age of 9. There is thus a similarity of the age-effect on serum phosphate and urinary phosphate/creatinine ratio (Up/Ucr) in Fig. 1 and 3 in the 51 children aged 3 and over (Fig. 4) it was found that a definite correlation existed (r = + 0 42, p < 0 * 002). The regression line approximates that of Nordin and Fraser (1960) for adults. Our infants aged 1-2 years, however, showed very much higher Up/Ucr values than the children and so are not included in Fig. 4 . However, if we only consider the 27 children aged 3-11, the regression line falls much lower (y = 0-165x-0 .246). The calculation of the more elaborate ratio of the clearances of phosphate to creatinine (Cp/Ccr) gave values that were mainly in the lower half of the normal range (Fig. 5) Taitz and De Lacy (1962) refer to a range of + 0 * 04 to -0 22 in 8 'normal' infants, which agrees well with the range found in our normal children (Fig. 2) . Clearly the PEI in a child can only be interpreted by comparison with the normal range for the same age-group, such as indicated in Fig. 2 . Similarly, if the simpler measurements of Up/Ucr or Cp/Ccr are used, an effect of age is seen (Fig. 3 and 5) .
The only other study of phosphaturia in normal children that we are aware of is that of Janse, Van Gelderen, and Ruys (1966) . Using 24-hour urine collections, they were unable to show any relation between the fasting serum phosphate level and either the value Cp/Ccr or the value Up/Ucr. In contrast, our series using 2-hour fasting urine collections and mid-point blood samples does show a relation between serum phosphate and Up/Ucr (Fig. 4) ; probably the difference in these findings is due to the use of 24-hour collections by Janse's group, as there is a well-known effect of diet and time of day upon the excretion of phosphate and creatinine (Stanbury and Thomson, 1951; Briscoe and Ragan, 1966 (Fig. 4) , Cp/Ccr, or the PEI (Fig. 2) is probably multiple. It is unlikely that it is due to a low level of phosphate intake, as our children were all on normal diets, but may well be due to higher tubular reabsorption of phosphate possibly from higher growth hormone activity (Greenwood, Hunter, and Marrian, 1964; cp. Della Casa, 1968) . Infants, however, have a higher phosphate excretion than older children (Fig. 2,  3 , and 5), possibly due to the high miLk content of their diet.
Though the present paper cannot examine the relative diagnostic value of the various indices of phosphaturia, it is clear that whatever index is employed, an age-specific normal range is required.
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